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AERODYNAMIC CHARACTERISTICS OF A REFINED DEEP-STEP PLANING-TAIL FLYING-BOAT
HULL WITH VARIOUS FOREBODY AND AFTERBODY SHAPES1

By JOHN M. tiBE and RODGHRL. NAESETH “

SUMMARY

An investiga$wn was made in the Lung~ 300 lMPH 7- by
10~oot tunnel to detwnviu the aaodynamti charactmistti of a
rq%w? deep-stip pluming-tail hull with varima forebody and
ajtabody shapes. For comparison, tat-s were made on a
streamline body timul.sting the fuw.?.ageof a modern tramport
airplane,

The r&of the teata,which include the interference ejfed of-
a fil-pert-enttiick support whq, indicu$ed that for correqxmd-
ing conjiguratimw the hull models ineorpora$i~ a forebody
with a length-beam ra-tio of 7 had lower minimum drag coef-
ii-cieruhthan the hull models incorportiing a forebody wdh a
length-beamratw of 6. The lowed minimum drag coe$%ientsj
0.002?4and 0.00%’8,which were ~“daably lam tlurn that of a
comparable conventional hull of length-beam m% 9, were
obtaimd on the length-beam-ratio-7forebody, alone and u+%
round center boom, reapectbdy. The streamline body had a
minimum drag we@ei.t?ntof 0.00.2?6;$ying-boa$ hdh can,
therefore, have drag va.hus com~rable to lamdplanefwelizges.
The hulJ angle of ab!uckforminimum drag variedfrom 9° to 4°.

Longitudinal and lateral stabdity w generally about the ~
sam for all hull nwdeh texted and about the same as thd of a
conventwnal hull.

INTRODUCTION

Because of the requirements for incre&ed range and speed
in flying boats, an investigation of the aerodynamic charac-
teristics of flying-boat hulls as afFected by hull dimensions
rmd hull shape is being conducted at ‘the Lan#ey Aero-
nautical Laboratory. The rwdts of one phase of tiis
investigation, present ed in reference 1, have indicated that
hull drag crm be reduced without taming large changes in
aerodynamic stability and hydrodynamic performance by
the use of high length-beam ratios. Another phase of the
investigation, referenee 2, indicated that hulls of the deep-
step planing-tail type have much lower air drag than the
conventional type of Ml and about the same aerodynamic
stability; tank tests, reference 3, have indioated that this
type of Ml also has hydrcdynmnic performance equal to and
in some respects superior to the conventional type of hull.

In an attempt to improve the aerodynamic performance of
hulls still further without causing excessive penalti~ in
hydrodynamic performance, several refined deep-step planing-
tail hulls were designed jointly by the Hydrodynamka

Division and the Stability Research Division of the Langley
Laboratory. It was believed that improved aerodynamic
performance could be facilitated mainly by refinement of the
forebody plan form and by a reduction in the volume and
surface area of the, afterbody. This report presents. the
results of the tests of these hulls.

In order to make a preliminary study of overall flying-
boat c.-enfigurations, tests were also made on models incor-
porating a typical engine nacelle and .an engine nacelle
extended into a boom which is to function as the afterbody
and reduoe the size of and possibly eliminate wing-tip floats;
the nacelle and nacelle ‘boom were also tested without the
hull models. For comparing the drag and stability, tests
were made on a streamline body simulating the fusekyge of a
modern” transport airplane.

Tank tests (ref. 4) have indicated that the hull models
prcwnted in the present report (with the possible exception
of the forebody alone for which data are not available) will
have acceptable hydrodynamic performance.

COEFFICIENTS AND SYMBOLS

The results of & tests tie presented as standard NACA
coefficients of forces and moments. Rolling-, yawing-, and
pitching-moment coeflkients are given about the locations
(wing 30-percen&chord point) shown in figures 1, 2, and 3.
The wing area, mean atiodynamic chord, and span used in
determining the coefficients and Reynolds numbers aiw those
of a hypothetical flying boat (ref. 1). The hull, fuselage,
and nacelle coeiiicients were derived by subtraction of data
for tie wing alone from data for the wing plus hull, fuselage,
or nacelle. The -iving-alone data were determined by in-
cluding in the teats that part of the wing which is enolosed in
the hull, fuselage, or nacelle. The hull, fuselage, and nacelle
eoeilicients therefore include the wing interference resulting
horn the interaction of the velocity fields of the wing and
the bodies and also the negative wing interference cnused by
shielding from the airstream that part of the wing enclosed
within the hull, fuselage, or nacelle. The data are referred
to the stability axes, which are a system of axes having their
origin at the center of moments shown in &urea 1, 2, and 3
and in which the Z-axis is in the plane of symmetry and
perpendicular to the relative wind, the X-axis is in the plane
of symmetry and perpendicular to the Z-axis, and the Y-axis
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is perpendicular to the plane of symmetry. The poBitive

directions of forces and moments about the stability mom
are shown in figure 4. .

The ccefiicienta and symbols are defined as follows:
c.
CD
c.
c,
CL
c.
D
x
Y
z
L
M.
N
!z

S’

z

b

v.’
P

;
R

cm==2j+

c bc.
“~=~

(7Yp=!?g

lift coefficient, Lift/@ where Lift= –Z
drag coefficient, D/qS
lateral-force ccefiicient, Y/giS
rolling-moment coefficient, L/@b
pitching-moment coefficient, i14/@ii
yawing-moment coefficient, iVJ@3
drag, –X when j9=0
force along X-axis, lb
force along Y-axis, lb
force EdOIlgz-axis,lb
rolling moment, fblb
pitching moment, ft-lb
yawing moment, ftAb
free-stream dynamic pressure, PW/2, Wsq ft

wing area of &scale model of hypothetical

flying boat, ‘18.264 sq ft

W@ mean aerody&mic chord of +j+mle

model of hypothetical flying boat, 1.377 f t

wing span of +j- scale model of hypothetical

flying boat, 13.971 ft
air velocity, fps
mass density of air, slugs/cu ft
angle of attack of hull base line, deg
angle of sidesfip, deg
Reynolds number, baaed cmW@ mean fUN’O-

dynsmic ohord of ~scale model of

hypothetical flying boat

‘,

MODEL9 AND APPARATUS

The hull lines were determined through the joint coopera-
tion of the Hydrodynaxnka Division and the Stability Re-
search Division of the Langley Laboratory. The hull fore-
bodes were derived in plan form from modified NACA
16-seriw symmetrical airfoil sections of thickness ratios 20
and 14.3 per~nt airfoil chord, resulting in forebody length-
beam ratios of approximately 5 and 7, respectively. The
forebody length-beam ratio is equal to the distance from
the forward perpendicular (F. P.) to the step divided by the
maximum beam of the forebody (figs. 1 and 2 show maximum
beam of forebody). “Dimensions of the hulls are given in
figures I and 2 and tablw I to IV. The lines of Q tail float
used for several of the teats are given in figure 5; offsets are
given in table V. The streamline body, fineness ratio of
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about 9, represents the fuselage of a typical high-speed land-
phme; dimensions are given in figure 3 and table VI. The
engine nacelle (fig. 6) was a scale model of the engine nacelle
of the XPBB-1 flying boat (ref. 1). The reamer in which
the engine-nacelle boom was derived,is also shown in figure 6.
Photographs of the hulls with the corresponding Langley

wloos-G&Go

tank designation numbers are given in figure 7. All mod&
and interchangeable parts were constructed of laminated
mahogany and finished with pigmentid varnish. The vol-
umes, surface areas, maximum Cross+ectional areas, and
side areas for the hulls and fuselage are given in table VIL

The hull was attached to a wing which was mounted hori-
zontally in the tunnel as shown in iigure 8. The wing WaS

the one used in the investigations of referenca 1. ‘ It was set
at an incidence of 4° with respect to the base line on all
models and had a 20-inch chord, a 94.2-inch span, and an
NACA 4321 airfoil section.

TESTS

~T CONDITIONS

The tests were made in the Langley 300 MPH 7- by 10-foot
tunnel at dynamic pressures of approximately 25, 100, and
170 pounds per square foot, corresponding to airspeeds of
100, 201, and 274 miles per hour. Reynolds numbers for
these airspeeh, based on the mean aerodynamic chord of
the hypothetical flying boat, were approximately 1.30x 10s,
2.50x108, and 3.10x 10E,respectively. Corresponding Mach
numbers were 0.13, 0.26, and 0.35.

CORRECTIONS

Blocking corrections have been applied to the wing and
wing-plus-hull data. The drag coeilicients of the hulls and
fuselage have been corrected for longitudinal buoyancy
effects caused by a tunnel static-pressure gradient. Angles
of attack have been corrected for structural deflections caused
by aerodynamic forces.

TESTPROCRDURE

The aerodynamic characteristics of the hulls with inter-
ference of the support wing were determined by tding the
wing alone and the wing-and-hull combinations under
identical conditions. The hull aerodynamic coefficients
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were determined by subtraction of wing-alone coefEcients
from wing and hull coefficients after the data were plotted
in order to account for structural deflections. .

Tests were made at three Reynolds numbers. Because of
stru~tural limitations of the support wing, it was neces%ary
to hmit the data at the higher Reynolds numbers to the
mgle-of-attack range shown.

In order to minimize possible errors resulting from transi-
tion shift on the wing, the wing transition was fixed at the
leading edge-by means of roughness strips of Carborundum
particles of approximately 0.008-inch diameter. The par-
ticles were applied for a length of 8 percent airfoil &ord
measured along the airfoil contour horn the leading edge on
both Upper and lower SUI’faCeS.

Hull transition for all tests was fixed by a *inch strip of

0.008-inch-diameter Carborundum particles located approxi-
mately 5 percent of the hull length aft of the bow. All tests
were made with the support setup shown in figure 8.

RESULTS AND DISCUSS1ON

The aerodynamic characteristic in pitch of the reiined
deep+tep planing-tail hulls with various afterbody configu-
rations are presented in figures 9 and 10 and the aerodynamic
clmracteristk in sideslip, in figures 11 and 12. The aero-
dynamic characteristics of the streamline fuselage are in-
cluded in figures 9 and 11. The aerodynamic characteristics
in pitch of models incorporating the engine nacelki and the
engine-nacelle boom are presented in figures 13 and 14 and
the aerodynamic characteristics in sideslip, in figures 11 and.
12.~ The aerodynamic characteristics of the engine nacelle
and the engine-nacelle boom without the hull are included
in figure 13 (a); the coefficients are plotted against hull angle
of attack and therefore correspond to the increments that
result fkom the nacelle or the nacelle boom when. the hull is
at a given attitude. Minimum drag coeilicients and stability
paramet era, as determined horn the figures, are presented in
table VIII for comparison.

The following discussion of the-longitudinal characteristics
is based on the results for Reynolds number 2.5x 10E. A
comparison of figures 9 and 10indicates that for corresponding
configurations the hull models incorporating a forebody with a
length-beam ratio of 7 had lower minimum drag coefficients
than the hull models incorporating a forebody viith a length-
beam ratio of 5. The incremental ditlerence in minimum drag
coefficient between corresponding configurations varied from
0.0008 for the hull forebodes alone ‘ (C~mti=0.0032 for
model 237–5 and 0.0024 for model 237-7) to 0.0003 for the
deep-center-boom configuration (CDmfi=0.0Q30 for model
237-5P and 0.0027 for model 237–7P).

According to reference 5, the dit7erence in minimum
prcdile-drag coe.flicients between airfoil sections of thiclnwss
ratios 0.20 and 0.143 is about 20 percent; the difference in
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minimum dmg coefficients between hull models 237–7 and
237-5 which were derived from airfoils of these same corre-
sponding thickness ratios agreed favorably with this value.

At negative angles of attack the drag coefficients for hulls
with forebody length-beam ratios of 5 were much larger than
those for hulls with length-beam ratios of 7 (figs. 9 and 10).
The steep drag rise at negative angles can be explained by an
examination of the tuft studies of hull models 237–5B,
237-5, 237–7B, and 237-7 presented in figures 15, 16, 17,
and 1S, respectively. For the len@-beam-ratiw5 forebody

alone (fig. 16) a large amount of separation occurred on the
upper rear of the forebody and rear of the wing. Fairing
the juncture with the boom (fig. 15) reduced -the separation
somewhat and consequently the hull drag coefficient. Little
or no separation occurred for the length-bemn-ratio-7 fore-
body configurations throughout the angle-of-attack range
tested (figs. 17 and 18). Unpublished tests of the hulls alone
have indicated that the separation was caused pri&rily by
the interference effect of the support wing; tuft studies of the
hulls alone at angles of attack corresponding to those of the
present report showed no occurrence of separation.

The lowest minimum drag coei3icients, 0.0024 and 0.0023,
were obtained on hull models 237–7 and 237-7B, respec-
tively. Although the skin area of model 237-7B was larger
than that of model 237–7 (table VII) because of the addition
of the boom, the drag increase corresponding to the added
skin fiction was probably offset by the boom’s caus&~ a
better flow condition at the wing-hull juncture.

As indicated by &ures 9 and 10, the hull angle of attnck
for minimum drag varied from 2° to 4°.

A comparison of the lowest @nimum drag coefficient,
0.0023 for hull 237–7B, with that of a conventional hull,
0.0066 for hull model .203 of length-beam ratio 9 (ref. 1),
,j.ndioated a minimum-drag-cmflicient reduction of 0.0043 or
65 percent.

The minimum drag coticient for the streamline body was
0.0025 (@. 9); flyiq-boat hulls can, therefore, have drag
values comparable to that of a fuselage of a landplane
approximately sim.ihw in size and gross weight to a hypo-
thetical flying boat incorporating hull model 237–7B. Tank
tests (ref. 4) have, shown that a flying boat incorporating
hull 237–7B and a gross weight similar to a landplane in-
corporating the streamline fuselage will take off from and
land on water if a small vertical chine strip is added to the
hull. There are several disadvantages to this type of hull,
however. The hull volume is less than the fuselage volume

(table VII) and, because of the looation of the major portion
of hull volume ahead of the wing where the pay load would
be tied, a balance problem would probably be encountered
on large flying-boat designs. These disadvantages are much

less serious on model 237–7P because of the deep tail boom;
the increase in minimum drag coeilicient, 0.0004, may be
worth the alleviation of the volume and balance problem.

Ilydrodynamic considerations have indicated that im-
proved hydrodyntic performance on the deepstep hulls
might be facilitated by incorporating a” tail float on the
hulls such as shown in @me 5. If tank tests indicate that

a tail float is much desired, a more reti.ned float than that
shown in figure 5 should be used. The minimum dr~~

coefficients of the hull models with tail float, modeli 237–51?1
and 237-7F1, were 0.0043 and 0.0038, respectively. These



..=. ___

884 REPORT 1144—NATIONAL AD~ORY COMMITCEE FOR AERONAUTICS

drag-coefficient vahws were about 0.0015 larger than similar
configurations without the tail float.

Figures 9 and 10 show negative values of hull lift coefficient
throughout most of the angle-of-attack range tested; the
values are especially more negative than those of conventional
hulls (ref. 1) in the minimum drag range. In order to com-
pensate for these negative values, the wing lift ccefbient of
flying boats would have to be increased; this increase”would
result in an increase in induced-drag coeiiicient.’ However,
the increase in induced drag for the wing of the hypothetiwd
flyhyg boat, used as a basis in the present investigation,
would be small and would hot seriously alter the relative
merits in performmce of the hulls of the present investiga-
tion over conventional hqlls.

In order to make a preliminary study of overall flying-
boat conjurations, tests were also made on a typical engine
nacelle and an engine nacelle extended into a boom (fig. 6)
which is to function as the afterbody and reduce the size
of, or possibly eliminate, wing-tip floats. The drag coefE-
cients for one engine nacelle and one engine-nacelle boom
near the angle of attack for minimum drag of the hulls
without nacelks were about equaI, with a VaIue of 0.0022
(fig. 13 (a)). This drag coeflicimt agreed favorably tith
theincrement of drag coefficient resulting horn the addition
of the engine nacelle or the engine-nacelle boom to the huIl
models as determined by a comparison of figures 13 and 14
with figures 9 and 10. The drag coefficient for the nacelle
alone and nacelle -boom alone decreased as the hull angle of
attack became less positive. A more rapid decrease occurred
for the nacelle alone; this effect probably accounts for the
negative shift in angle of attack for rniqimum drag of the
forebody alone plus the engine nacelle.

The minimum drag coefficients for both combinations
were about equal so that a flying-boat con@u.ra.tion with twin
engine-nacelle booms probably has an advantage in aero-
dynamic performsmce over a flying boat with a single round
boom and conventional nacelles resulting from the reduction
,in size of, or possible elimination of, wirig-tip floats. As
noted previously, the length-beam-ratio-5 forebody alone had
a greater drag than the forebody with a round center boom,
mainly because of an adverse wing interference effect.
However, the configuration with nacelle booms stilI might
be better aerodynamically, &pecidly if the wing-hull junc-
ture had a suitable fairii. These results show the need-for
investigation of overall fly-ing-boat hull cm@urations if fur-
ther progress is to be made in improvig the aerodynamic
performance of flying boats.

The longitudinal stability for the various hulls, as indicated
by the parameter Cma, is given in table VIII. The hull

models incorporating a forebody with a length-beam ratio
of 7 were generally less unstable longitudinally than those
with a length-beam ratio of 5. This increase in longitudinal
stability with length-beam ratio is similar to that reported

in reference 1. As &pectid, because of the large pnrt of the
hull ahead of the center of moments, the most longitudimdly
unstable hull models were forebody-alone configurations
237–5 and 237–7 which had Om=values of 0.0028 and 0,0026,

respectively. The addition of afterbodies had only CLsmall
effect on the stability which corresponds to a rearwnrcl
aerodynamic-center shift of less than 1 percent mum aero-
dynamic chord on a flying boat. Of the models tested, &o
choice of hulls probably should be determined mainly from
hull drag, hull volume, and balance considerations; the in-
crease in horizontal-tail area necessaq to compmsato for
the hulls with less stability would give only a small drag
increase which would be blanketed by the reduction obtained
by using the lower drag hulls. These factors should also be
considered when comparison is made with the conventional-
type hulls of reference 1. The deep-step hulls were filightly
less unstable longitudinally for the present wing aid ccmtw-
of-gravity positions, which were located from hydrodynamic
considerations.

The directional stability as determined by C.fl (table

VIII) was –O. 0008 for hull model 237-5 and –0.0009 for
model 237–7. As expected, the addition of the afterbodios
reduced the directional instability slightly, the amount
depending upon the amount of side area added and its loca-
tion aft of the center of moments. The least directionally
unstable configurations tested were models 237-6P and 237–
5F1 which both had a C,fl value of —0.0006. The increase

in directional instability with length-beam’ ratio is nlso
similar to that reported in reference 1 and probably msultcxl
from the increase in side area ahead of the center of moments
with length-beam ratio.

The addition of the engine nacelle to models 237-6 and
237–733 increased O.= slightly but showed no change in C.fl.

The directiond”stabfity of the flying-boat hulls of the present
investigation wa3 generally about the same as tlmt of con-
ventional hulls. This result can largely be eqdained by the
fact that the d.itTerent center-of-gravity positions conlpon-
sated for the diilerence in body shape.

CONCLUSIONS

The results of tests in the Langley 300 MPH 7- by 10-foot
ti.mnel to determine the aerodynamic characteristics of re-
fined deep-step planing-tail flying-boat hulls with various
forebody and afterbody shapes and a streamline fusolnge
indicate the following conclusions:

1. For corresponding configurations the hull models in-
corporating a forebody with a length-beam ratio of 7 had
lower minimum drag coefficients than the hull models in-
corporating a forebody with a length-beam ratio of 5.

2. The lowest minimum &~ coefficients, 0.0024 wnd
0.0023, which were about 66 percent less than that of a
comparable conventional hull of a previous investigation,
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BE 9.—Aerodynaihio oharaoteristics in pitoh of Langley tank model 237–6 with various afterbody oontigurationa and strcamhe fuselage.
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a=-6° ~

a=-4° .-
Fmmm l&-Tuft studies of Langley tank model 237-5.

I “a = 00

.a=z”
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FIGURE 16.—Continued.
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CY=-80

a=-6°

cK=-4°
FIQURE 17 —Tuft stuck of Langley tank model 237-7B
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, CL=4°

, a=6°

(2=8°.
FIGURE18.—Tuft studies of I.angley tank model 237-7.
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TABLE III.

OFFSETS FOR LANGLEY MODELS 237-5B

FOR

AND

AERONAUTICS

237-7B
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TABLE V
OFFSETS FOR TAIL FLOAT INCORPORATED WITH LANGLEY TANK MODELS 237-5F1 AND 237-7F1
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TABLE VTiTABLE VI

ORDINATES FOR LANDPLANE FUSELAGE VOLUMES, SURFACE- AREAS, AND MAXIMUhI CROSS-
SEOTIONAL AREAS OF LANGLEY TANK MODELS[AUdlmemfons ore @en in Inches]
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PARAMETERS FOR LANGLEY TAiiK MODELS 237
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